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Multi-component reactionAbstract A facile and highly efficient one-pot three-component synthesis of 1-H-2-substituted ben-
zimidazole derivatives from readily available substrates catalyzed by copper-doped silica cuprous
sulfate (CDSCS) is described. In this method, treatment of diverse 2-bromoanilines, aldehydes,
and [bmim]N3 in DMF at 110 C in the presence of CDSCS as a highly efficient heterogeneous
nano-catalyst affords the corresponding 1-H-2-substituted benzimidazoles in good to excellent
yields. The CDSCS is an inexpensive and stable nano-catalyst that could be simply prepared, recov-
ered and reused for many consecutive reaction runs without significant loss of its activity.
 2016 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
N-Heterocyclic compounds are widely found in natural and
synthetic products exhibiting various applications in different
areas of science especially in medicinal, chemistry, and mate-
rial sciences. Among them, benzimidazole is a valuablescaffold present in a plenty of biological active compounds
with a broad range of activities [1]. Benzimidazole is found
in the structure of many naturally occurring compounds like
vitamin B12 and its derivatives. In addition, it has a close struc-
tural similarity with purine nucleobases in DNA and RNA.
Due to this structural resemblance, benzimidazole can be easily
recognized by various biological systems like enzymes and
receptors. Thus, benzimidazole core is a privileged structure
in pharmaceutical industry and can be found in a plenty of
commercial drugs with a wide spectrum of activities [1].
Among different benzimidazole derivatives, 1-H-2-substituted
benzimidazole moiety is a key structural motif found in numer-
ous well-known drugs such as omeprazole and pantoprazole as
antiulcer, albendazole, mebendazole, thiabendazole, flutrima--catalyst
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Scheme 1 Three-component synthesis of 1-H-2-substituted ben-
zimidazoles using CDSCS.
2 S. Behrouzzole, and oxfendazole as anthelmintic, mibefradil and
pimobendan as antihypertensive as well as diamidine and envi-
roxime as antiviral drugs [1]. In addition, they have been
employed as important intermediates in organic reactions [2],
ligands for asymmetric catalysis [3], and structural subunits
of functional materials [4].
Given the significance of 1-H-2-substituted benzimidazole
derivatives in drug discovery, considerable research interests
have been devoted toward developing practical and efficient
synthetic procedures to access structurally diverse 1-H-2-
substituted benzimidazole derivatives [5]. Traditionally, two
general methods have been extensively employed to construct
these compounds including condensation of 1,2-
diaminoarenes with carboxylic acid derivatives under dehy-
drating conditions [5] or aldehydes under oxidative conditions
[5–7]. Although most of these procedure are indeed practical
and useful, drawbacks still remain like the limited substrate
scope, the use of expensive reagents, complicated experimental
procedures, harsh reaction conditions, and low yields of the
desired product due to the formation of by-products (i.e.:
1,2-disubstituted benzimidazoles and 1,2-disubstituted benzim-
idazolines). To overcome these drawbacks, metal-catalyzed
CAH functionalization/cyclization processes on N-arylated
precursors have been developed [8–10]. Furthermore, the
metal-catalyzed CAN cross-coupling reactions have been
employed for synthesis of 1-H-2-substituted benzimidazoles.
In this regard, o-haloanilines, o-haloaryl-amidines, and o-
haloacetanilides have been applied as starting materials [11–
15]. However, the use of excess oxidative reagents, high tem-
perature, the requirement of additives, and multi-step pro-
cesses for preparation of starting materials restrict the
applicability and generality of these procedures. Hence, the
search for a simple, efficient, and practical synthetic strategy
with suitable generality is still of great demand.
In recent decades, the multi-component reactions (MCRs)
have gained increasingly remarkable interest in organic and
medicinal chemistry [16]. MCRs are well-known as a useful
strategy from both economical and environmental points of
view which provides simple and rapid access to abundant com-
plex structures from readily available starting materials.
MCRs are accompanied by many benefits like ease of opera-
tion, quantitative yields, and minimization of the chemical
wastes. In addition, these reactions are straightforward which
achieved in a single step without the isolation of intermediates.
In the light of outstanding benefits of MCRs, Lee and cowork-
ers reported the three-component synthesis of 1-H-2-
substituted benzimidazoles from 2-haloanilines, aldehydes,
and sodium azide catalyzed by CuCl in the presence of
TMEDA as the ligand [17]. Recently, Punniyamurthy and
coworkers reported three-component Cu(OAc)2-catalyzed
oxidative cross-coupling of anilines, primary alkyl amines,
and sodium azide using TBHP in the presence of AcOH as
the additive to attain 2-substituted benzimidazoles [18].
Nowadays, it is well-established that the elaboration of
heterogeneous catalysts has superiority over homogeneous cat-
alyst due to both economic and environmental concerns. The
use of heterogeneous catalysts affords many advantages such
as the recovery and reusability of the catalyst, production of
large quantities of products using a small amount of catalyst,
mild reaction conditions, and simple experimental procedures
[19]. Although the two three-component protocols described
above can be efficiently provided the desired 1-H-2-Please cite this article in press as: S. Behrouz, H-2-substituted benzimidazoles –>Cop
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recoverable and nonreusable catalysts remains still as draw-
backs. Hence, the exploiting of efficient and appropriate
heterogeneous catalytic systems for promotion of such a
three-component reaction would be a highly attractive strat-
egy. To the best of our knowledge, there is no report yet for
synthesis of 1-H-2-substituted benzimidazoles via the heteroge-
neous catalyst using this protocol.
Among the different materials used as solid supports for
preparation of heterogeneous catalysts, silica gel is an ideal
candidate due to high surface area, environmental compatibil-
ity, cheapness, thermal and chemical stability. Additionally,
silica-based catalysts offer mild reaction conditions, ease of
handling and preparation, non-corrosive properties, high
yields and selectivities. Previously, we have reported the syn-
thesis and application of copper-doped silica cuprous sulfate
(CDSCS) as a highly efficient heterogeneous nano-catalyst in
several organic transformations [20–23]. Inspired by the high
biological profile of 2-substituted benzimidazole derivatives
and in continuation of our long-standing interest on applica-
tion of CDSCS in organic synthesis, we would like to report
a straightforward and facile synthesis of structurally diverse
1-H-2-substituted benzimidazoles via one-pot three-
component reaction of diverse 2-bromoanilines, aldehydes,
and [bmim]N3 as a green source of azide in DMF at 110 C
in the presence of CDSCS as a highly efficient heterogeneous
nano-catalyst (Scheme 1).
2. Experimental
2.1. General
All chemical reagents were purchased from Fluka, Merck or
Sigma–Aldrich. CDSCS [21] and [bmim]N3 [24] were prepared
due to the established procedures. Solvents were purified by
standard procedures, and stored over 3 A˚ molecular sieves.
Reactions were followed by TLC using SILG/UV 254 silica-
gel plates. Column chromatography was performed on silica
gel 60 (0.063–0.200 mm, 70-230 mesh; ASTM). Melting points
were measured using Electrothermal IA 9000 melting point
apparatus in open capillary tubes and are uncorrected. IR
spectra were obtained using a Shimadzu FT-IR-8300 spec-
trophotometer. 1H- and 13C-NMR spectra were recorded on
Bru¨ker Avance-DPX-250/400 spectrometer operating at
250/62.5 MHz, respectively. Chemical shifts are given in d rel-
ative to tetramethylsilane (TMS) as an internal standard, cou-
pling constants J are given in Hz. Abbreviations used for 1H
NMR signals are: s = singlet, d = doublet, t = triplet, andper-doped silica cuprous sulfate: A highly eﬃcient heterogeneous nano-catalyst
-bromoanilines, aldehydes, and [bmim]N3, Journal of Saudi Chemical Society
Synthesis of 1-H-2-substituted benzimidazoles 3m=multiplet, and br = broad. GC/MS was performed on a
Shimadzu GC/MS-QP 1000-EX apparatus (m/z; rel.%). Ele-
mental analyses were performed on a Perkin–Elmer 240-B
micro-analyzer.
2.2. Synthesis of 1-H-2-substituted benzimidazoles using
CDSCS
To a round bottom flask (50 mL) was added a mixture of an
appropriate 2-bromoaniline derivative (12 mmol), aldehyde
(10 mmol), [bmim]N3 (15 mmol), and CDSCS (0.3 g,
0.05 mol%) in DMF (10 mL) and the mixture was heated at
110 C. After completion of the reaction as indicated by
TLC monitoring (Table 2), the reaction mixture was cooled
to room temperature. Then, the catalyst was separated using
a sintered-glass funnel and washed with hot EtOAc
(2  10 mL). The filtrate was then mixed with water
(100 mL). The separated organic layer was washed with water
(2  100 mL). Afterward, the organic layer was dried over
Na2SO4 and evaporated to afford the crude product which
was purified by column chromatography on silica gel eluting
with a mixture of n-hexane/EtOAc.
2.2.1. 2-Phenyl-1H-benzo[d]imidazole (4a)
Pale-yellow solid; yield 91%; m.p. 291–293 C (lit. [17] 292–
294 C); IR (mmax): 3350, 3045, 1626, 1582, 1539, 1450 cm1;
1H NMR (DMSO-d6) d 12.67 (br s, 1H, NH), 8.19–8.12 (m,
2H, aryl), 7.61–7.50 (m, 5H), 7.25 (d, J= 8.2 Hz, 2H, aryl);
13C NMR (DMSO-d6) d 151.9, 144.1, 135.7, 131.0, 130.2,
129.1, 127.0, 122.9, 121.8, 119.4, 111.6; MS (EI) m/z (%):
194 (16.8) (M+); Anal. calcd for C13H10N2: C, 80.39; H,
5.19; N, 14.42; Found: C, 80.31; H, 5.25; N, 14.53%.
2.2.2. 2-(4-Methoxyphenyl)-1H-benzo[d]imidazole (4b)
White solid; yield 90%; m.p. 223–225 C (lit. [17] 222–225 C);
IR (mmax): 3361, 3050, 2971, 1620, 1514, 1446, 1268 cm
1; 1H
NMR (DMSO-d6) d 12.70 (br s, 1H, NH), 8.10–8.02 (m, 2H,
aryl), 7.64–7.50 (m, 2H, aryl), 7.27–7.15 (m, 4H, aryl), 3.75
(s, 3H, CH3);
13C NMR (DMSO-d6) d 161.3, 152.7, 133.9,
131.5, 129.0, 128.6, 122.7, 121.9, 115.0, 114.6, 111.8, 54.9;
MS (EI) m/z (%): 224 (14.1) (M+); Anal. calcd for
C14H12N2O: C, 74.98; H, 5.39; N, 12.49; Found: C, 75.07;
H, 5.47; N, 12.53%.
2.2.3. 4-(1H-Benzo[d]imidazol-2-yl)-N,N-
dimethylbenzenamine (4c)
Pale-yellow solid; yield 92%; m.p. 274–276 C (lit. [17] 273–
275 C); IR (mmax): 3371, 3028, 2935, 1615, 1521, 1465,
1187 cm1; 1H NMR (DMSO-d6) d 12.43 (br s, 1H, NH),
8.01 (d, J= 8.4 Hz, 2H, aryl), 7.50–7.41 (m, 2H, aryl), 7.26–
7.19 (m, 2H, aryl), 6.89 (d, J= 8.3 Hz, 2H, aryl), 2.83 (s,
6H, 2CH3);
13C NMR (DMSO-d6) d 153.9, 151.0, 144.5,
135.7, 127.0, 122.3, 121.9, 118.6, 117.8, 112.4, 111.2, 37.8;
MS (EI) m/z (%): 237 (18.7) (M+); Anal. calcd for
C15H15N3: C, 75.92; H, 6.37; N, 17.71; Found: C, 75.98; H,
6.30; N, 17.76%.
2.2.4. 2-(4-Chlorophenyl)-1H-benzo[d]imidazole (4d)
Pale-yellow solid; yield 83%; m.p. 288–290 C (lit. [17] 289–
291 C); IR (mmax): 3340, 3064, 1695, 1576, 1550, 1462,Please cite this article in press as: S. Behrouz, H-2-substituted benzimidazoles –>Cop
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8.13 (d, J= 8.1 Hz, 2H, aryl), 7.70–7.65 (m, 4H, aryl), 7.31–
7.20 (m, 2H, aryl); 13C NMR (DMSO-d6) d 152.1, 144.0,
135.7, 134.1, 130.2, 129.6, 128.7, 122.9, 122.0, 118.7, 112.0;
MS (EI) m/z (%): 228 (24.9) (M+); Anal. calcd for C13H9ClN2:
C, 68.28; H, 3.97; N, 12.25; Found: C, 68.34; H, 4.05; N,
12.39%.
2.2.5. 2-(4-Nitrophenyl)-1H-benzo[d]imidazole (4e)
Brown solid; yield 76%; m.p. 259–261 C (lit. [17] 259–260 C);
IR (mmax): 3347, 3038, 1610, 1573, 1532, 1427, 1345 cm
1; 1H
NMR (DMSO-d6) d 12.91 (br s, 1H, NH), 8.02 (d,
J= 8.0 Hz, 2H, aryl), 7.79 (d, J= 8.2 Hz, 2H, aryl), 7.58–
7.50 (m, 2H, aryl), 7.30 (d, J= 8.2 Hz, 2H, aryl); 13C NMR
(DMSO-d6) d 150.1, 147.8, 143.0, 134.2, 132.0, 130.6, 124.0,
123.2, 122.1, 119.8, 111.6; MS (EI) m/z (%): 239 (17.6)
(M+); Anal. calcd for C13H9N3O2: C, 65.27; H, 3.79; N,
17.56; Found: C, 65.30; H, 3.72; N, 17.61%.
2.2.6. 2-m-Tolyl-1H-benzo[d]imidazole (4f)
White solid; yield 88%; m.p. 230–232 C (lit. [9] 231–232 C);
IR (mmax): 3448, 3050, 2957, 1680, 1538, 1462 cm
1; 1H
NMR (DMSO-d6) d 12.80 (br s, 1H, NH), 7.91 (d,
J= 8.3 Hz, 2H, aryl), 7.83 (s, 1H, aryl), 7.50 (d, J= 8.3 Hz,
2H, aryl), 7.37–7.30 (m, 3H, aryl), 2.54 (s, 3H, CH3);
13C
NMR (DMSO-d6) d 153.0, 145.1, 138.9, 135.7, 131.5, 130.9,
129.4, 127.8, 124.6, 123.0, 122.7, 119.6, 112.0, 22.8; MS (EI)
m/z (%): 208 (19.6) (M+); Anal. calcd for C14H12N2: C,
80.74; H, 5.81; N, 13.45; Found: C, 80.65; H, 5.86; N, 13.58%.
2.2.7. 2-(Anthracen-10-yl)-1H-benzo[d]imidazole (4g)
Yellow solid; yield 74%; m.p. 262–264 C (lit. [9] 261–262 C);
IR (mmax): 3450, 3026, 1635, 1574, 1453 cm
1; 1H NMR
(DMSO-d6) d 12.90 (br s, 1H, NH), 7.94 (d, J= 8.0 Hz, 2H,
aryl), 7.86 (d, J= 8.1 Hz, 2H, aryl), 7.65 (s, 1H, aryl) 7.59–
7.50 (m, 4H, aryl), 7.46–7.38 (m, 2H, aryl), 7.30–7.25 (m,
2H, aryl); 13C NMR (DMSO-d6) d 151.8, 131.7, 130.9, 129.5,
128.7, 128.0, 127.6, 126.9, 126.0, 125.8, 125.1, 122.0, 121.8,
119.4, 112.2; MS (EI) m/z (%): 294 (21.8) (M+); Anal. calcd
for C21H14N2: C, 85.69; H, 4.79; N, 9.52; Found: C, 85.76;
H, 4.70; N, 9.61%.
2.2.8. 2-(2-Methoxyphenyl)-1H-benzo[d]imidazole (4h)
White solid; yield 72%; m.p. 235–237 C (lit. [18] 236–237 C);
IR (mmax): 3458, 3035, 2981, 1620, 1574, 1453, 1260 cm
1; 1H
NMR (DMSO-d6) d 12.65 (br s, 1H, NH), 8.01 (d,
J= 8.2 Hz, 2H, aryl), 7.71–7.65 (m, 2H, aryl), 7.36–7.20 (m,
4H, aryl), 3.96 (s, 3H, CH3);
13C NMR (DMSO-d6) d 159.7,
150.3, 142.0, 134.6, 131.9, 130.0, 129.3, 122.5, 121.9, 121.3,
119.7, 118.9, 112.6, 54.9; MS (EI) m/z (%): 224 (16.3) (M+);
Anal. calcd for C14H12N2O: C, 74.98; H, 5.39; N, 12.49;
Found: C, 75.07; H, 5.44; N, 12.56%.
2.2.9. 2-(Furan-2-yl)-1H-benzo[d]imidazole (4i)
Brown solid; yield 83%; m.p. 286–288 C (lit. [17] 285–287 C);
IR (mmax): 3370, 3069, 1621, 1535, 1461, 1258 cm
1; 1H NMR
(DMSO-d6) d 12.83 (br s, 1H, NH), 7.90 (d, J= 6.0 Hz, 1H,
aryl), 7.65–7.58 (m, 2H, aryl), 7.34–7.23 (m, 3H, aryl), 6.73
(d, J= 5.9 Hz, 1H, aryl); 13C NMR (DMSO-d6) d 153.9,
145.8, 144.1, 143.7, 134.0, 122.5, 121.9, 119.0, 112.7, 111.6,per-doped silica cuprous sulfate: A highly eﬃcient heterogeneous nano-catalyst
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4 S. Behrouz110.9; MS (EI) m/z (%): 184 (13.6) (M+); Anal. calcd for
C11H8N2O: C, 71.73; H, 4.38; N, 15.21; Found: C, 71.85; H,
4.42; N, 15.29%.2.2.10. 2-(Thiophen-2-yl)-1H-benzo[d]imidazole (4j)
Pale-yellow solid; yield 81%; m.p. 340–342 C (lit. [17] 342–
343 C); IR (mmax): 3375, 3048, 1634, 1530, 1469 cm1; 1H
NMR (DMSO-d6) d 12.82 (br s, 1H, NH), 7.80 (d,
J= 5.8 Hz, 1H), 7.68–7.61 (m, 2H, aryl), 7.44 (d,
J= 5.8 Hz, 1H, aryl), 7.26–7.17 (m, 3H, aryl); 13C NMR
(DMSO-d6) d 149.1, 143.0, 134.1, 133.9, 128.6, 128.0, 126.9,
122.8, 122.9, 118.7, 111.8; MS (EI) m/z (%): 200 (17.4)
(M+); Anal. calcd for C11H8N2S: C, 65.97; H, 4.03; N,
13.99; Found: C, 65.89; H, 4.08; N, 14.10%.2.2.11. 2-Isopropyl-1H-benzo[d]imidazole (4K)
White solid; yield 72%; m.p. 234–236 C (lit. [17] 232–234 C);
IR (mmax): 3340, 3057, 2980, 1626, 1541, 1473 cm
1; 1H NMR
(DMSO-d6) d 12.24 (br s, 1H, NH), 7.63–7.57 (m, 2H, aryl),
7.24–7.18 (m, 2H, aryl), 3.10–3.06 (m, 1H, CH), 1.28 (d,
J= 7.0 Hz, 6H, 2CH3);
13C NMR (DMSO-d6) d 153.7,
143.9, 134.6, 121.8, 120.9, 118.6, 110.5, 29.1, 22.0; MS (EI)
m/z (%): 160 (14.9) (M+); Anal. calcd for C10H12N2: C,
74.97; H, 7.55; N, 17.48; Found: C, 75.03; H, 7.61; N, 17.59%.2.2.12. 6-Methyl-2-phenyl-1H-benzo[d]imidazole (4l)
Pale-yellow solid; yield 75%; m.p. 243–245 C (lit. [9] 243–
244 C); IR (mmax): 3460, 3078, 2959, 1618, 1569, 1460 cm1;
1H NMR (DMSO-d6) d 12.65 (br s, 1H, NH), 8.01 (d,
J= 8.0 Hz, 2H, aryl), 7.63–7.40 (m, 5H, aryl), 7.12–7.08 (m,
1H, aryl), 2.58 (s, 3H, CH3);
13C NMR (DMSO-d6) d 151.7,
144.9, 142.5, 135.0, 133.6, 131.8, 130.1, 126.4, 123.8, 118.0,
111.5, 22.7; MS (EI) m/z (%): 208 (20.7) (M+); Anal. calcd
for C14H12N2: C, 80.74; H, 5.81; N, 13.45; Found: C, 80.86;
H, 5.89; N, 13.51%.2.2.13. Methyl 2-phenyl-3H-benzo[d]imidazole-5-carboxylate
(4m)
Brown solid; yield 82%; m.p. 191–193 C (lit. [17] 189–191 C);
IR (mmax): 3329, 3050, 2966, 1730, 1690, 1548, 1470 cm
1; 1H
NMR (DMSO-d6) d 12.86 (br s, 1H, NH), 7.90–7.78 (m, 4H,
aryl), 7.62–7.54 (m, 3H, aryl), 7.30–7.23 (m, 1H, aryl), 3.61
(s, 3H, CH3);
13C NMR (DMSO-d6) d 166.0, 154.5, 147.1,
143.9, 134.5, 130.8, 129.0, 128.6, 126.2, 122.0, 118.9, 112.1,
53.7; MS (EI) m/z (%): 252 (18.9) (M+); Anal. calcd for
C15H12N2O2: C, 71.42; H, 4.79; N, 11.10; Found: C, 71.35;
H, 4.71; N, 11.16%.2.2.14. 5-Chloro-2-phenyl-1H-benzo[d]imidazole (4n)
Pale-yellow solid; yield 80%; m.p. 210–212 C (lit. [17] 212–
213 C); IR (mmax): 3358, 3064, 1625, 1547, 1452, 1107 cm1;
1H NMR (DMSO-d6) d 12.80 (br s, 1H, NH), 8.01–7.94 (m,
2H, aryl), 7.65–7.53 (m, 4H, aryl), 7.21–7.17 (m, 2H, aryl);
13C NMR (DMSO-d6) d 153.6, 144.7, 142.9, 135.4, 133.0,
131.2, 130.7, 126.0, 123.5, 118.4, 111.9; MS (EI) m/z (%):
228 (23.7) (M+); Anal. calcd for C13H9ClN2: C, 68.28; H,
3.97; N, 12.25; Found: C, 68.20; H, 4.05; N, 12.38%.Please cite this article in press as: S. Behrouz, H-2-substituted benzimidazoles –>Cop
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(2016), http://dx.doi.org/10.1016/j.jscs.2016.07.0032.2.15. 2-(4-(2-Phenoxyethoxy)phenyl)-1H-benzo[d]imidazole
(4o)
Pale-yellow foam; yield 86%; IR (mmax): 3350, 3078, 2943,
1639, 1540, 1477, 1165 cm1; 1H NMR (DMSO-d6) d 12.87
(br s, 1H, NH), 7.95–7.90 (m, 2H, aryl), 7.81–7.76 (m, 2H,
aryl), 7.42–7.26 (m, 4H, aryl), 7.14–6.98 (m, 5H, aryl), 4.67
(t, J= 7.1 Hz, 2H, OCH2), 4.51 (t, J= 7.1 Hz, 2H, OCH2);
13C NMR (DMSO-d6) d 156.9, 156.0, 153.1, 138.8, 138.4,
129.7, 129.0, 123.2, 122.7, 121.9, 120.8, 117.3, 116.5, 115.8,
114.9, 60.1, 58.6; MS (EI) m/z (%): 330 (20.1) (M+); Anal.
calcd for C21H18N2O2: C, 76.34; H, 5.49; N, 8.48; Found: C,
76.30; H, 5.57; N, 8.52%.
2.2.16. 2-(2-(5-(2-Methyl-4-nitro-1H-imidazol-1-yl)pentyloxy)
phenyl)-1H-benzo[d]imidazole (4p)
Yellow foam; yield 71%; IR (mmax): 3368, 3070, 2959, 1640,
1587, 1552, 1460, 1349, 1142 cm1; 1H NMR (DMSO-d6) d
12.89 (br s, 1H, NH), 7.93 (s, 1H, C(5)-H of imidazole),
7.85–7.79 (m, 2H, aryl), 7.57–7.50 (m, 1H, aryl), 7.38–7.29
(m, 3H, aryl), 7.06–6.97 (m, 2H, aryl), 4.21 (t, J= 7.0 Hz,
2H, OCH2), 3.65 (t, J= 7.0 Hz, 2H, NCH2), 2.66 (s, 3H,
CH3), 1.80–1.69 (m, 4H, 2CH2), 1.15–1.09 (m, 2H, CH2);
13C
NMR (DMSO-d6) d 155.8, 152.6, 152.0, 147.9, 139.0, 138.3,
129.7, 128.5, 123.8, 122.6, 121.1, 120.4, 116.7, 116.0, 115.8,
114.9, 65.0, 47.2, 31.9, 28.8, 22.9, 14.5; MS (EI) m/z (%):
405 (23.7) (M+); Anal. calcd for C22H23N5O3: C, 65.17; H,
5.72; N, 17.27; Found: C, 65.24; H, 5.80; N, 17.19%.
2.2.17. 4-(1H-Benzo[d]imidazol-2-yl)thiazole (4q)
Yellow solid; yield 95%; m.p. 296–298 C; IR (mmax): 3300,
3068, 1634, 1553, 1471, 1318 cm1; 1H NMR (DMSO-d6) d
12.76 (br s, 1H, NH), 9.03 (s, 1H, N‚CH), 8.01–7.95 (m,
2H, aryl), 7.40–7.28 (m, 3H, aryl, C‚CH); 13C NMR
(DMSO-d6) d 153.9, 152.1, 143.5, 138.8, 138.6, 123.7, 123.6,
121.0, 115.1, 114.9; MS (EI) m/z (%): 201 (12.8) (M+); Anal.
calcd for C10H7N3S: C, 59.68; H, 3.51; N, 20.88; Found: C,
59.77; H, 3.40; N, 20.81%.
2.3. Recycling the catalyst
After completion of the reaction, the catalyst was vacuum-
filtered from the reaction mixture using a sintered glass funnel
followed by successive washing with hot EtOAc (2  10 mL).
The catalyst was then kept in a vacuum oven at 100 C for
30 min and stored in sealed vessel at refrigerator.
3. Results and discussion
To achieve efficient three-component synthesis of 1-H-2-
substituted benzimidazoles, the first step was begun with find-
ing out the optimized reaction condition (Table 1). Initially,
the reaction of 2-bromoaniline, benzaldehyde, and [bmim]N3
in the presence of CDSCS was selected as a sample reaction
to afford the corresponding 2-phenyl-1H-benzo[d]imidazole
(4a). Our preliminary effort was focused on performing the
reaction under solvent-free conditions. However, no reaction
was achieved even after 12 h (Table 1, entry 1). Since the sol-
vent has undeniable role for progress of the reaction, we then
focused our attempts for examining the effect of different polar
and nonpolar solvents on the sample reaction (Table 1, entriesper-doped silica cuprous sulfate: A highly eﬃcient heterogeneous nano-catalyst
-bromoanilines, aldehydes, and [bmim]N3, Journal of Saudi Chemical Society
Table 1 Effect of various reaction parameters on the sample
reaction.
Entry Solvent Catalyst/mol
%
Temperature
(C)
Time
(h)
Yielda
(%)
1 – CDSCS (0.05) 110 12 NRb
2 H2O CDSCS (0.05) Reflux 18 Trace
3 EtOH CDSCS (0.05) Reflux 18 Trace
4 THF CDSCS (0.05) Reflux 24 NR
5 Toluene CDSCS (0.05) Reflux 24 NR
6 MeCN CDSCS (0.05) Reflux 14 45
7 EtOAc CDSCS (0.05) Reflux 14 30
8 CHCl3 CDSCS (0.05) Reflux 16 26
9 NMP CDSCS (0.05) 110 8 72
10 DMSO CDSCS (0.05) 110 8 86
11 DMF CDSCS (0.05) 110 6 91
12 DMF CDSCS (0.05) r.t. 24 Trace
13 DMF CDSCS (0.05) 70 14 50
14 DMF CDSCS (0.05) 90 8 79
15 DMF CDSCS (0.05) 100 6 85
16 DMF CDSCS (0.05) 120 6 91
17 DMF CDSCS (0.05) 130 5 91
18 DMF – 110 24 NR
19 DMF CDSCS (0.02) 110 18 70
20 DMF CDSCS (0.03) 110 14 74
21 DMF CDSCS (0.04) 110 9 86
22 DMF CDSCS (0.06) 110 6 91
23 DMF CDSCS (0.07) 110 6 89
24 DMF CuI (0.05) 110 14 70
25 DMF Cu2O (0.05) 110 14 35
26 DMF Cu(OAc)2
(0.05)
110 14 67
27 DMF CuSO45H2O
(0.05)
110 14 50
28 DMF CuCl (0.05) 110 14 69
29 DMF CuCl2 (0.05) 110 14 72
30 DMF Pd(OAc)2
(0.05)
110 20 NR
31 DMF FeBr2 (0.05) 110 20 NR
32 DMF Ni(OAc)2
(0.05)
110 20 NR
a Isolated yield.
b No reaction.
X
NH2 CDSCS
condition A or B
[bmim] N3
N
H
N
H
O
4a
condition A: DMF, 110 °C; X = I, 6h, 93% or X = Cl, 18h, 26%
condition B: DMF, reflux; X = Cl, 10h, 78%
Scheme 2 Synthesis of 4a from 2-iodoaniline and/or 2-
chloroaniline.
Synthesis of 1-H-2-substituted benzimidazoles 52–11). According to the data in Table 1, using H2O and EtOH
was inefficient for progress of the sample reaction (Table 1,
entries 2 and 3). When THF and toluene were applied, no pro-
duct was formed even after extending the reaction time up to
24 h (Table 1, entries 4 and 5). In addition, the use of MeCN,
EtOAc, and CHCl3 led to low yields of 4a (Table 1, entries 6–
8). However, undertaking the reaction in NMP and DMSO
gained 4a in 72% and 86%, respectively (Table 1, entries 9
and 10). To our delight, higher yield of 4a in shorter reaction
time was acquired when the sample reaction was carried out in
DMF (Table 1, entry 11). Thus, DMF was found to be the best
solvent for efficient progress of three-component reaction of 2-
bromoaniline, benzaldehyde, and [bmim]N3.
The reaction temperature is another important factor that
affects the reaction time and yield. Therefore, our further chal-
lenge was the identification of the best reaction temperature.
To this end, the sample reaction was performed at different
temperatures (Table 1, entries 11–17). As shown in Table 1,
when the reaction was achieved at room temperature only
trace amount of 4a was obtained after 24 h (Table 1, entryPlease cite this article in press as: S. Behrouz, H-2-substituted benzimidazoles –>Cop
for one-pot three-component synthesis of 1-H-2-substituted benzimidazoles from 2-
(2016), http://dx.doi.org/10.1016/j.jscs.2016.07.00312). Practically, increasing the reaction temperature led to
the acceleration of sample reaction and the higher yield of 4a
(Table 1, entries 13–15). The best result was attained when
the present protocol was conducted at 110 C (Table 1, entry
11). As the results in Table 1 demonstrate, further increase
in the reaction temperature from 110 C up to 130 C gave
no improvement on performance of sample reaction (Table 1,
entries 16 and 17).
In another complementary experiment, the influence of cat-
alyst loading was studied on the progress of the reaction
(Table 1, entries 11 and 18–23). As shown in Table 1, when
sample reaction was performed in the absence of catalyst, no
product was observed (Table 1, entry 18). Thus, the sample
reaction was accomplished using different amounts of CDSCS.
The obtained results show that the higher yield of 2-phenyl-
1H-benzo[d]imidazole in short reaction time was obtained
when the sample reaction was carried out in the presence of
0.05 mol% CDSCS (Table 1, entry 11). Using lower amounts
of CDSCS also afforded reasonable yields of the desired pro-
duct 4a; however, longer reaction times were required for com-
pletion of the sample reaction (Table 1, entries 19–21). Further
rising in catalyst loading from 0.05 mol% to 0.07 mol% no
upgrading in the reaction efficiency was observed (Table 1,
entries 23 and 24). Accordingly, all subsequent reactions were
accomplished using 0.05 mol% of CDSCS.
To evaluate the catalytic potency of CDSCS, the three-
component reaction of 2-bromoaniline, benzaldehyde, and
[bmim]N3 was explored using several copper catalysts under
the optimized condition (Table 1, entries 11 and 24–27). As
it is clear from Table 1, the best result was attained when the
present protocol was achieved in the presence of CDSCS which
led to 4a in 91% yield after 6 h (Table 1, entry 11). The low
yields of 2-phenyl-1H-benzo[d]imidazole were obtained when
Cu2O and CuSO45H2O were employed as the catalyst
(Table 1, entries 25 and 27). The use of CuI, Cu(OAc)2, CuCl
and CuCl2 resulted in 67–72% of the corresponding product
after 14 h (Table 1, entries 24, 26, 28, and 29). Based on these
results, it can be concluded that the oxidation state of copper
has no distinguishable effect. The satisfactory outcome
attained by CDSCS can be attributed to the presence of large
surface area, chemical and thermal stability of CDSCS under
the optimized reaction conditions. In addition, other metal cat-
alysts such as Pd(OAc)2, FeBr2, and Ni(OAc)2 were ineffective
for progress of the reaction (Table 1, entries 30–32).
In other experiment, we also screened the effect of 2-
iodoaniline and 2-chloroaniline instead of 2-bromoaniline
under the optimized reaction conditions. Using 2-iodoaniline
as the starting material, 93% yield of 4a was obtained. How-
ever, the use of 2-chloroaniline afforded 4a in 26% yield after
18 h. When the reaction was conducted at reflux condition, the
production of 4a was observed in 78% yield after 10 h
(Scheme 2).per-doped silica cuprous sulfate: A highly eﬃcient heterogeneous nano-catalyst
bromoanilines, aldehydes, and [bmim]N3, Journal of Saudi Chemical Society
Table 2 CDSCS-catalyzed synthesis of 1-H-2-substituted
benzimidazole.
Entry Producta Time
(h)
Yieldb
(%)
1 N
H
N
4a
6 91 (93)c
2 N
H
N
OMe 4b
6 90
3 N
H
N
NMe2 4c 6 92
4 N
H
N
Cl 4d
7 83
5 N
H
N
NO2 4e 7 76
6
N
H
N
Me
4f 7 88
7
N
H
N
4g 8 74
8
N
H
N
MeO
4h 10 72
9 N
H
N O
4i 9 83
10 N
H
N S
4j
9 81
11 N
H
N
4k 10 72
12 N
H
N
Me
4l
7 75
13 N
H
N
MeO2C
4m
7 82
14 N
H
NCl
4n
7 80
15 N
H
N
O
O 4o
6 86
16
O N
N
N
N
H H3C
NO2 4p 10 71
17 N
H
N
N
S
4q 6 92 (95)c
a All products were characterized by 1H- and 13C-NMR, IR,
CHN, and MS analysis.
b Isolated yield.
c Yields in parentheses are corresponding to the isolated yields
when 2-iodoaniline was used instead of 2-bromoaniline.
6 S. BehrouzWith optimized reaction conditions in hand, we then
explored the general applicability and versatility of the present
protocol in three-component reaction of structurally diverse 2-
bromoanilines, aldehydes, and [bmim]N3 in the presence of
CDSCS (Table 2). As it is clear from Table 2, CDSCS proved
to be an appropriate nano-catalyst that efficiently catalyzes the
three-component synthesis of 1-H-2-substituted benzimida-
zoles. As shown in Table 2, the chemistry works well with var-
ious functional groups on both 2-bromoaniline and aldehyde
derivatives. Different aromatic aldehydes bearing electron-
rich and electron-deficient substituents were successfully
applied in current approach. The reaction of aromatic aldehy-
des with 4-OMe, 4-NMe2, 3-Me, and 4-OCH2CH2Ph groups
afforded 4b, 4c, 4f, and 4o in excellent yields (Table 2, entries
2, 3, 6, and 15). Benzaldehydes with electron-deficient groups
like 4-chloro and 4-nitro afforded 4d and 4e in 83% and
76% yields, respectively (Table 2, entries 4 and 5). The reaction
of ortho-substituted benzaldehydes smoothly proceeded to
produce 4h and 4p in good yields (Table 2, entries 8 and 16).
Additionally, anthracene-9-carbaldehyde proved to be a good
substrate for this reaction which afforded 4g in 74% yield
(Table 2, entry 7). The scope of this protocol was also
expanded to other heteroaromatic aldehydes. In this connec-
tion, furan-2-carbaldehyde, thiophene-2-carbaldehyde, and
thiazole-4-carbaldehyde were applied and their reactions effi-
ciently proceeded to give the desired products 4i, 4j, and 4q
in excellent yields (Table 2, entries 9, 10 and 17). We then
explored the feasibility of the optimized reaction conditions
with aliphatic aldehydes. In this regard, isobutyraldehyde
smoothly reacted with 2-bromoaniline to afford the corre-
sponding benzimidzole 4k in 72% yield (Table 2, entry 11).
Moreover, this strategy is efficient for diverse 2-bromoaniline
derivatives. As it is clear from Table 2, 2-bromoanilines bear-
ing methyl, ester, and chloride groups were effectively con-
verted to their corresponding products 4l–4n in reasonable
yields (Table 2, entries 12–14).
We further explored the feasibility of the present protocol
on a large scale synthesis. To this end, the three-component
reaction of 2-bromoaniline, benzaldehyde, and [bmim]N3 was
carried out on a 50 mmol scale under the optimized reaction
conditions which resulted in 2-phenyl-1H-benzo[d]imidazole
in 88% yield (Scheme 3).
To prove the reusability and heterogeneous nature of
CDSCS, after completion of the sample reaction, the catalyst
was filtered through a sintered glass funnel and washed succes-
sively with hot EtOAc (2  10 mL). The catalyst was then
dried in a vacuum oven at 100 C for 30 min and reused
directly in the subsequent reaction without further purification
while no fresh catalyst was added. The chemical and thermal
stability as well as the ease of recovery of CDSCS allows it
to be a recyclable and reusable catalyst which can be success-
fully employed for at least 6 reaction runs (Table 3). As shown
in Table 3, 4a was obtained in 87% yield in the 6th run.
According to the ICP analysis, the amount of leached copper
from CDSCS is 0.01% after six consecutive runs which is
extremely negligible. As the results in Table 3 indicate, further
recycling of CDSCS considerably diminished the reaction rate
(Table 3, entries 7–10). Accordingly, 4a was obtained in 80%
yield after 12 h in the 10th run (Table 3, entry 10).Please cite this article in press as: S. Behrouz, H-2-substituted benzimidazoles –>Copper-doped silica cuprous sulfate: A highly eﬃcient heterogeneous nano-catalyst
for one-pot three-component synthesis of 1-H-2-substituted benzimidazoles from 2-bromoanilines, aldehydes, and [bmim]N3, Journal of Saudi Chemical Society
(2016), http://dx.doi.org/10.1016/j.jscs.2016.07.003
Br
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Scheme 3 Three-component synthesis of 4a on a 50 mmol scale
using CDSCS.
Table 3 Reusability of CDSCS.
Run no.a Time (h) Yieldb (%)
1 6 91
2 6 91
3 6 90
4 7 89
5 7 89
6 8 87
7 10 84
8 10 82
9 11 82
10 12 80
a The entry number corresponds to the trial number.
b Isolated yield.
Synthesis of 1-H-2-substituted benzimidazoles 74. Conclusions
In summary, we have described a straightforward, simple, and
mild process for synthesis of 1-H-2-substituted benzimidazoles
via one-pot three-component reaction of various 2-
bromoanilines, aldehydes, and [bmim]N3 in DMF at 110 C
in the presence of CDSCS as a highly efficient heterogeneous
catalyst. In this protocol, diverse 2-bromoanilines and aldehy-
des were efficiently converted to the desired 1-H-2-substituted
benzimidazole derivatives in good to excellent yields. The use
of cheap and reusable heterogeneous catalyst, the use of
[bmim]N3 as a green source of azide, and the applicability of
the method in large scale synthesis make this process as an
attractive protocol for synthesis of structurally diverse benzim-
idazole derivatives.
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